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The purpose o f  th is  thes is  i s  to  p rov ide  a  descr ip t ion  o f  the
garuna- ray  deexc i ta t ion  process  o f  h igh ly  exc i ted  nuc lear  s ta tes ,
fo r rned in  nuc lear  reac t ions .  Because d i f fe ren t  reac t ions  d i f fe r  on-
1y  in  the  way in  wh ich  the  h igh ly  exc i ted  s ta tes  are  in i t ia l l y  po-
p u l a t e d ,  t h e  c a l c u l a t i o n s  p r e s e n t e d  h e r e  c a n  g e n e r a l l y  b e  a p p l i e d  t o
any  reac t ion ,  p rov ided tha t  the  in i t ia l  popu la t ion  is  p roper ly  cho-
s e n .  T h e  n e w  f e a t u r e  o f  t h i s  c a l c u l a t i o n  i s  t h e  e x p l i c i t  s e p a r a t i o n
o f  t h e  t o t a l  d e n s i t y  o f  s t a t e s  i n  t r ^ r o  p i e c e s :  a  d i s c r e t e  p a r t  w h i c h
i s  t r e a t e d  e x p l i c i t l y  a n d  a  c o n t i n u u m  p a r t  w h i c h  i s  t r e a t e d  s t a t i s -
t i c a l 1 y .  I n  t h i s  s t a t i s t i c a l  p a r t  a n o t h e r  n e w  a n d  i m p o r t a n t  f e a t u r e
i s  t h a t ,  i n  a d d i t i o n  t o  c l a s s i f y i n g  t h e  s t a t e s  a c c o r d i n g  t o  e x c i -
t a t i o n  e n e r g y  ( E ) ,  s p i n  ( J )  a n d  p a r i t y  ( n ) ,  t h e  n u m b e r  o f  u n p a i r e d
neut rons  (n )  and pro tons  (z )  i s  exp l i c i t l y  in t roduced.  h rhen ca lcu-
ia t ing  e lec t romagnet ic  t rans i t ions  be tween s ta tes  we ihus  have
Lhree k inds  o f  t rans i t ions :  ( i )  con t inuum-cont i .nuum;  ( i i )  con t i -
nuum-d iscre te  and ( i i i )  d isc re te -d isc re te .  The presence o f  a  se-
l e c t i o n  r u l e  i n  t h e  e l e c t r o m a g n e t i c  t r a n s i t i o n s  b e t w e e n  s t a t e s  i n
the continuum, introduced by t.he quantum numbers n and z, plays a
very  i rnpor tan t  and new r61e in  de termin ing  the  proper t ies  o f  the
d e e x c i t a t i o n  p r o c e s s .  T h i s  s e l e c t i o n  r u l e  r e f l e c t s  t h e  o n e - b o d y
nature  o f  the  e lec t romagnet ic  t rans i t ion  opera tor  and s ta tes  tha t
the quantum numbers n and z cannot change by more than two units
in  any  g iven t rans i t ion .  S t i l1  another  impor tan t  d i f fe rence be-
tween th is  ca lcu la t ion  and o thers  i s  the  t rea tment  o f  the  d isc re te
leve ls ,  wh ich  is  done here  us ing  a  mode l  wh ich ,  in  add i t ion  to  p ro-
v i d i n g  a  g o o d  d e s c r i p t i o n  o f  t h e  k n o w n  d i s c r e t e  s t a t e s ,  a l s o  a l l o w s
to  take  in to  account ,  to  a  good approx imat ion ,  a l l  o ther  (exper i -
menta l l y  unknown)  co l lec t i ve  s ta tes .  Because these have la rge  ma-
t r i x  e lements  to  the  low- ly ing  s ta tes ,  they  p lay  an  impor tan t  r61e
i n  t h e  d e e x c i t a t i o n  D r o c e s s .
LI n  t h i s  t h e s i s  t w o  d i f f e r e n t  r e a c t i o n s  h a v e  b e e n  s t u d i e d ,  v i z .
l o w  e n e r g y  n e u t r o n  c a p t u r e  r e a c t i o n s  a n d  ( H . I . r x n 1 ) - r e a c t i o n s .  A s
ment . ioned above,  the  main  d i f fe rence be tween these tv {o  p rocesses
i s  i n  t h e  i n i t i a l  p o p u l a t i o n  o f  t h e  s t a t e s .  I n  f a c t ,  i n  t h e  f o r m e r
c a s e  t h e  i n i t i a l  p o p u l a t i o n ,  r e p r e s e n t i n g  t h e  n e u t r o n  c a p t u r e  s t a -
t e ,  h a s  a  s h a r p l y  d e t e r m i n e d  e x c i t a t i o n  e n e r g y ,  s p i n  a n d  p a r i t y ,
w h e r e a s  i n  t h e  c a s e  o f  ( H . I . r x n y ) - r e a c t i o n s  \ 4 r e  a r e  d e a l i n g  w i t h  a
p o p u l a t i o n  d i s t r i b u t i o n ,  b o t h  i n  s p i n  a n d  e x c i t a t i o n  e n e r g y r  r € -
p r e s e n t i n g  t h e  s o c a l l e d  e n t r y - s t a t e s ,  r e m a i n i n g  a f t e r  t h e  n e u t r o n
e m i s s i o n  h a s  t a k e n  p 1 a c e .
I ie  beg in  in  Chapter  11  by  showing tha t  the  deexc i ta t ion  pro-
c e s s  o f  a  s e t  o f  e x c i t e d  n u c l e a r  l e v e l s  b y  m e a n s  o f  g a m m a - r a y  e m i s -
s i o n  i s  e q u i v a l e n t  t c  a  n a s t e r  e q u a t i o n  s y s t e n .  A f t e r  a  m o r e  g e n e -
r a l  i n t r o d u c t i o n  t o  m a s t e r  e q u a t i o n  s y s t e m s  a  m a s t e r  e q u a t i o n  t e c h -
n ique fo r  the  ca lcu la t ion  o f  gannna- ray  spec t ra  and the  ana lys is  o f
f e e d i n g  t i m e s  i n  n u c l e a r  r e a c t i o n s  w i l l  b e  p r e s e n t e d .  T h i s  t e c h n i . -
que,  combineC rv i th  a  cascade techn ique,  v i l l  then  be  app l ied  to
( n r t ) -  a n d  ( H . I . , x n " y ) - r e a c t i o n s  i n  t h e  r e m a i n d e r  o f  t h i s  t h e s i s .
I n  C h a p t e r  I I I  n e u t r o n  c a p t u r e  r e a c t i o n s  w i l l  b e  d e s c r i b e d
i n  d e t a i i .  A  s u r v e y  o f  p r e v i o u s  r l o r k  i n  t h i s  f i e l d  i s  g i v e n  i n  s e c -
t i o n  3 . 1 .  D e t a i l s  o f  t h e  p r e s e n t  m e t h o d  w i l l -  b e  d i s c u s s e d  e x t e n s i -
v e L y  t h e r e a f t e r ,  I n  p a r t i c u l a r ,  t . h e  1 e v e 1  d e n s i t y  f o r m u l a ,  u s e d
for  che < iescr ip t ion  o f  the  h igh-1y ing  leve l  con t inuum,  the  in i t ia l
p o p u i a t i o n ,  r e p r e s e n t i n g  t h e  c a p t u r e  s t a t e ,  a n d  e l e c t r o m a g n e t i c
t r a n s i t i o n  p r o b a b i l i t i e s  w i l l  b e  g i v e n  c o m p r e h e n s i v e  a t t e n t i o n .  T h e
i n f l u e n c e  o f  t h e  g i a n t  d i p o l - e  r e s o n a n c e  o n  E l - t r a n s i t i o n  p r o b a b i l i -
t i e s  i s  d i s c u s s e d  i n  s u b s e c t i o n  3 . 3 . 3 .  R e s u l t s  o f  c a l c u l a t i o n s  f o r
the  case o f  thermal  neut ron  capture  on  I  49S*  are  compared to  expe-
r imenba l  da ta .  I t  w i l l  be  shown tha t  an  exper imenta l  de termina t ion
o f  m u l t i p l i c i t y  d i s t r i b u t i o n s  o f  g a n r n a - r a y s  i n  c o i n c i d e n c e  w i t h
c e r t a i n  d i s c r e t e  t r a n s i t i o n s  c a n  b e  u s e d  a s  a  m e a n s  o f  e x t r a c t i n g
vaLuab le  in fo r rna t ion  on  the  mul t iporar i t ies  o f  gamma-rays  in  the
s t a t i s t i c a l  g a m m a  c a s c a d e  d e e x c i t i n g  t h e  c a p t u r e  s t a t e .
I n  C h a p t e r  I \ t  ( H . I .  r x n y ) - r e a c t i o n s  w i l l  b e  d i s c u s s e d .  T h e
3procedu re  w i l l  t hen  be  app l i ed  t o  t he  reac t i ons  l 50Nd1or4 r r )150S* ,
l 58cd (o ,4 r , ) l 58oy  
" r , d  
l 60Gd(o ,4 r , ) l 60oy  
and  the  resu l t s  o f  t he  ca l -
culat ions wi l l  be compared to exper imenta l  data,  obta ined at  the
I{ IVI  by Ockels et  a l .  (0c78) .
S ince  fo r  t he  desc r i p t i on  o f  t he  l ow-1y ing  ( co l l ec t i ve )  s ta tes
and the e lect romagnet ic  t ransi t ion probabi l i t ies between them, we
make use of  the Interact ing Boson Approximat ion ( IBA-model)  of  Ar i -
ma  and  Iache l l o  (L r75 rL r76 rA r78a rb ) ,  i n  Append i x  A  we  g i ve  a  b r i e f
out l ine of  th is  model  and of  the calculated 1evel  sDectra for  the
|  50^ r  58^ I  60-
DUCIeT  SEr  Uy  ano  Dy ,
Final ly  Appendix B br ief ly  descr ibes the organisat ion and
f low-chart ing of  the var ious computer  programs,  involved in the
ca l cu la t i ons .
